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Direct patient carce has not fidly benefitedfrom at

number of recent advances in modern technology.
Mlanyoftthe normal data collections tasks carried out
by care providers are still dore With manual, error
po prẐoĉ edu in'addit; n, thei abdliti to con5oli_

date9 or represe£nt patient data in a meaningaul and
tim,elyfashion as required by managed ca^re expet.0ctal.-
tions is unavailable. T7h7e reported wvork attempts to
address these problems wtith the application of newF
hand-held comIputing technology.

INTRODUCTION
The comtlplexity of lhealtlh care in 1thehospital set-

tihug is rapidly outstFippinlg the practitionier's ability to
imianage anId docuiniemit that care in any adequate or
ulseftul fashionl. Ine inutrse i particular imlust collect a

myriad of omi-going assessmiienIt data. With the advenit
of imanaged care tme itiurse is also respomisibie for assur-
imug that projected treatimienits anid expected outcoImes
follow a specified tiIme-fraImie. hi all but thme imost ad-
vanced and well financed institutions, in the majority
of community hospitals, these data are collected by
hand-written nurses notes. Wnile many hospitals have
partially replaced narrative nurses' notes with flow-
sheets and check lists, or have worked to implement
streamlined processes through computerization with
centrally placed terminals for keyboard entry, the fact
remains that the initial entry of most patient informa-
tion at the bedside is done by hand. Whereas other de-
partments in the hospital such as lab and x-ray have
fully embraced the use computers for data entry as
well as analysis, nursing has fallen far behind even the
most rudimentary use of computer assisted documen-
tation. While a number of demonstration projects for
computerized nurses' notes have been designed, they
are far too costly, physically cumbersome, both in size
and flexibility, and most significantly, so far removed
from the needs of the nurse in ongoing patient care
documentation, to be practical (cf. Evans, 1990; Herb-
st, 1989; Ball & Hannah, 1988; Halford, Pryor, &
Burkes 1987; Giovannetti, 1985).

It is essential that health care delivery take full ad-
vantage of emerging computer-based. patient manage-

ment systems. In particular, a number of real time
nurse-patient situations would profit form application
of contemporary computer technology to managing
patient care (National Instittute of Nursing Research,
199)3; Anderson, 1994; ANA, 1993; IOM, 1991; Ga-
bler, 1990; Graves, & Corcoran, 1988).
* Patient care has become so complex and the nurse

so rushed for time, a great deal of pertinent patient
information is not documented (Hendrickson &
Kovner, 1990).

- Even in the situations when all the crucial patient
information is recorded by the nurse on the nurses'
notes, there exists a distinct possibility that the
information may never reach the patients's chart for
the doctor's use in a timely or accurate fashion.
Data coLlected at the bedside or during a treatment
is often scribbled on a scrap of paper and "offi-
cially" recorded at some later time. On each occa-
sion these data are re-charted, there exists the
possibility for error or omission which may lead to
negative consequences for the patient (Staggers,
1988).

* One of the physician's biggest headaches is having
the information 'when s/he needs it. If the nurse
waits until the end-of-shift to chart, crucial data
may not be available. If, on the other hand, the
nurse keeps the chart with him/her during the shift
in order to make immediate entry of information, it
is not accessible to the doctor when s/he needs it
(Johnson, Buirkes, Sittig, Hinson, & Pryor, (1987).

* In order for certain information to be useful it has to
be graphed to show trends over time. Fouir times
daily blood glucose levels or periodic wveight
changes need to be graphed. For information to be
available in this form, the nurse must keep a sec-
ond, even sometimes third, patient record that has
been specifically designed to cluster data about a
patient for a particular physician's needs. Not only
does the loss of accuracy becomes significant with
so much "double and triple" charting, but there is a
costly negative effect on the nurses' time.

* Many hospitals initiated computerized documenta-
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tion for medication administration long ago. Nurses
verify that medications have been administered andl
pharmacy bills patients and chaiges accordingly.
Although efficient for the pharmacy, this approach
is not designed to facilitate ease of charting for the
nurse. In fact, the process merely adds a step. In
addition to the pharmacy code sheet, the nurse must
verify the doctor's orders, make an entry on the
patient's chart that the medication was adminis-
tered, and record the therapeutic effect it had on the
patient. All of these manual entries must be made
on different documents, often in different locations.
This is another significant example how repetitive,
time-consuming charting is costly as well as error
prone and incompatible with recognized standards
for data transmission (HL-7 Working Group. 1988).
In addition to being responsible for providing and
documenting care, the nurse is also expected to
charge patients for supplies. These charges may
range from the use of a complex specialty bed to
each timie a patient has an I.V. start, chanige of tub-
ing, or requires a box of tissues. Many hospitals
have a "sticker** system in which the nirse removes
a coded sticker and affixes it to a specific patient
".charge sheet". Some items are "unit supplies" and
must be charged to the unit. During the course of
care the nurse all too often sticks the "stickers" to
her/his uniform with the intention of eventually
placing them on the correct charge sheet. As one
can well imagine the "stickers" often get lost. The
resulting inaccuracies are costly to the patient, the
hospital, and prohibit any truly accurate inventory
system (Gabler, 1990; Greer & Hexum, 1987).
Home-health is another area to profit from the use
of a streamlined compuiterized documentation sys-
tem. A number of home health agencies have begun
to utilize the lap-top computer for nurses to docu-
ment their visits. However, they are less than ideal..

These are only a few examples of the ineffi-
cient documentation methods that wouild directly ben-
efit from the introduiction of contemporary computer
technology with total database management.

CURRENT TECHNOLOGIES
Currently the ability to collect patient data haS

been hampered by two factors. First, while various
current techlnologies possess interestinig anid useful
tools, Ino on1e techiology lias all of the elemiXenits iieeded
in such a data collection system. For example ma-
chines such as the Macintosh Powerbooks afford a lev-
el of portable systems with good user interfaces, buit
they tend to be too large to be useful by the health pro-
vider on the floor. Carrying a "lap-top" at all times for
data entry is just too cuimbersome. Another group of
systems characterized by the HPxxxLX and the Zeos

Pocket PC are approxilately the correct size, they do
not possess the interface appropriate to the task.

Second, even the best icon driven interfaces don't
closely enough approximate the manner in which
health professionals prefer to collect data. Use of such
systems, even were they the appropriate size, would
reqtuire substantial retraining of already over-stressed
health care providers. One suire way to assure that a
documentation systenm will be unsuccessful is to re-
quire the nmodifications be made by the practitioners
rather than the system (Kaplan, 1994). Finally, even
the best user interfaces require data input from tradi-
tion QWERTY keyboards: a method not consistent
with normal medical practice in the patient care envi-
ronment on the hospital floor. Switching lbtween nor-
mal nuirsing tasks and typing tasks is not productive.

A SOLUTION
Manufacturers such as Apple (the Newton).

AT&T (the EO) and General Magic (the Magic Ma-
chine), to name a few. are now introducing palm-sized,
high-powered, pen-based systems that cost less than
$1,000. These systems are capable of collecting pa-
tient data on site, in a meaningftul manner, for later
transfer to a host database server system on the floor,
that in turnl could be a node in a complete hospital in-
formation system.

The development system, which is implemented
on an Apple Newton MessagePad, addresses a number
of currently unacceptable features inherent in provid-
ing anid documenting nursinig care in the lhospital. Use
of a light-weight, hand-held devise that fits into a "hol-
ster"' can provide a method for data entry at the bedside
and allow transfer of that data to a host database server
at the nurses' station. The nurse only needs to enter in-
formation once and as a result that information is more
likely to be accurate as well as available. Further, the
system checks all entered data against previous patient
valuies as well as normal ranges. When discrepancies
are found, the nurse is immediately advised (see figure
1). Once collected on the hand-held device, informa-
tion can be immediately transferred via a built-in infra-
red network transceiver to a base-unit at the nurse's
station or a central informations system in the hospital.
Each patient room would be wired with an inexpensive
infrared transceiver for accepting and delivering infor-
mation to the health provider. Such systems are ex-
tremely robust, with handshaking protocols that will
not allow flawed data to be transferred in either direc-
tion. While there is no completely error-free protocol,
the error rate is so low as to considered non-existent.
In the worst case, it is infinitely lower than the error-
i-ate associated with humani tialnsmission.

The sanme hanid-held unit can also be used by phy-
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I'igure 1 - Lrror Reporting
sic ianis andI other professionaals while imaking rounllds.
In p)lace of carrying the normiial lpatient chart, the hand-
held*device cani sene the traditional chart finction,
pltis multch nmore. In the cuirrent health care climate
nurse,s Sand(l hysivcians are working toward a reslonsi-
bYle mananed( care environnment TIe most contenmno-
rary : 1nroahe' 1uset "criti-al nathlis" or"icare inas,r.-*, _~ sts*s*1s- .k

Thesearewell resarched, nterdfiscI lnry"uie
it'p'" for whal.'t shotldbe(dAora!lIdqn!when, fora category7
of pti tIIitIIle;tIs,adI ItU/cIt 'Iit.&ICSoCIOIS. The
-i.O,x,ojiuu11itAiCU tl1I. ,t'c ilC l lssrv as gCn-

era'l dirc.tio,n-, an mdix iduiializedl plan, and as thc doe-
uiiiecitationu toom itsilf. It is thtis ftol mlat thlat is thie basis
ior the de\JV)eloiiint sys'tiiiiei iI ai virtuLal iforin on the
niandl-hieli device. Whieni a l)atiellt is a(lnittedi the niurse
aind physician compliete ani iniitiai thistory and physical
tisiln a somIlewhat traciitionai intake form. With this in-
torination, they (lee(le which critical path to uise. 'lhis
"Ipath, which is stored in the hand-held devise, is ac-
tivated by the nurse, who indivildualizes it for the spe-
cific patient as directions scroll throuigh the screen.
Depending on the critical path and the related physi-
cian orders which are tused to individuialize a "path,"

the nurse is direted It c upIe tC ,ogs,O ici-C I w1atW rrspecfied tinis, araic L.>ticati.-nctsii,a ii
tivities of dai'ly living, progress a didt, cii i1 pa
tieiit/failily teaclhiiig, adiiiii-itistei titdatiji is. assni c
that lalxratory work is conipleted, and aitenid to tile
discharge needus of the patient.

A critical path in the hand-helid, palm-sized sys
tem, directs the nutrse to make reguliar patient roundi(is
collecting informiation on the virtual tormiis that are
displayed on the hand-held system. Using these lire
forms that reluest assessment an(d key (liagniostic iii-
formation requiredI by a specific care imiap, the nutirse
enters data in a familiar manner using scales and(I cx(xe(d
options. Each inpuit is autoinatically checkedI tor devix
ations from the patient's previotis statuis as well as
against the "correct range". When an input is (litferent
from a patient's previous value or ouit-sidle the !norinal
range, this is indicated. The nurse is able to re-check a
measuirement or make note of the change or (levx iatio0u.

Fxcel)t for items that take the foni of written
notes, all (lata are collected i1n a(anc enie )t,intt At(l
pick foriiat. Written not.es can1 be entere'! i! hdl! it
ten form and. stored as electronic ink AccUr.acy d-ata
collection will be impro"vAed on selveral level'. For cx
ample, the hand-held system will havL i 'JPCCaCl
to get patient ID from the patient' s-ri;t lPiid ai

cafi-providei- inflOrniati-ouiintfo e cifiJity-c'> l-ad c.
Figures 1 anld 2 show VieWS 01 (onC lp'a 01 iliIt;11pi
the tools associate(i with it (Thie figures are eieutronic
,napshotxs of the a,-tual Newton cree,ln).

Oni the current page of the NcwL1 esecijiv;
mation areas Ifr a'--...lety of ilata to bcC Ait-t
tappling orie otohe I-I xoes with tylth ,ti-.ith icmu-c
maKes hiial thie active eeuiieciui. Thlcim, usiii ciihici a

sii(ier anl(i alrOWs as s'nowIn in fitigre i, or a kcyp)a(i as

shown in tigure 2, s/he can eniter the approp)riate dlata.
When (louble-view (lata are entered, suchi as tenl)era-
tire and weight, via a slider, consersions are auitoimat-
ically m11ade on a continuotus basis as the sIlde- is
moved. The uip and(I dlown arrows are uisedi to inpt trac-
tional data. When a keypad is used, the niii-se is al-
lowed to specify which measturemenit systein is heintg1
used. Once entered, all data are coniverte(d to their inir-
ror form.

After all data for a particuilar i)atient are collectedl.
the nurse simi-ply points her device towtAd( a 5ens1Or ill
the wall of the patient's roorm. On a siMprfle conlalland.1
to the Newton, the data are then transfer-ed vmiNfr" i
red signal to the central comptjiterhr ',stor,algt, anal,s
and distribution. All transmittedlhtt<au are h

I. Note that left- and-r'i't'h
Well 1a telecphone anda1 addin g 1- -,t1-,
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Figure2 - Tool Layout
transmission error and when correctly received, the
nurses hand-held system notifies her that the transmis-
sion is complete. On error detection, the nurse is re-

quested to transmit again.

DATA I)ISTRIBUTION
Management of a patient's hospitalization and

monitoring lenigth of stay as directed by a care map re-

quiires current and easily accessible patient informa-
tion. A key feature of any of the care maps is
tinie.Many cine tiaps have a vei-y small tolerancie for
timie. For example, the cnrtical path for a normal vagi-

nal delivery allows only 16 - 24 hours from delivery to
discharge for the patient to rest and recover and for the
nurse to provide care for mother and baby, trouble-
shoot any problems that may occur post delivery, and
make sure that a huge amount of teaching takes place
from how to breast feed to common childhood diseas-
es or sibling rivalry. Without accurate and timely in-
forrmation, the nurse may repeat information or miss it
altogether and continuity of care is compromised.
With the hand-held device and the transfer of informa-
tion to the host computer, the nurse, physician, or other
health care professional has access to all information.

Any hand-held device can retrieve from the base unit
all the data for any given patient. The status of a pa-

tient's progress vis a vis a critical path can be evaluat-
ed at any timiie by any number ofkey healtl profession-
als (Figure 3).

Figure 3 - Patient Data Display

PROJECT STATUS
At the cuirrent time, there is on-going develop-

ment of the critical paths for six specific diagnostic re-

lated groups inclhiding two medical diagnoses, diabe-
tes and asthma, two sturgical episodes, total hip re-

placement and ostomy surgery, one emotional
disorder, major depression, and one "healthy catego-
ry," spontaneous vaginal delivery. In order to evaluate
the useftilness and accuracy of the care paths, they are

being piloted using the traditional paper pencil format.
Once refined they will be translated to the virtual form
for tlie developmtient systeim.

Patient screens as shown in the previous figures
have been implemented on a Newton MessagePad 110
system using the Newton Toolkit which is a powerful
object oriented programming environment and debug-
ger that runs on the Macintosh family of computers. As
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the care maps are readied, they will be the basis for
field testing.

The six care niaps will be initiated in the hospital
and continued as specified by the map in the home
health environment. Once activated each will use ap-
propriate methodologies to collect the data and evalu-
ate the approach (Kaplan, 1994; Frame, Zimmer &
Eberly, 1994; Gabler, 1990; Herbst, 1989; Thomas,
1988; Johnson, Burkes, Sittig, Hinson, & Pryor, 1987).

CONCLUSIONS
Cost-effective and accurate data collection and

dissemination are critical in the managed care environ-
ment. Technologies currently exist to achieve these
goals without having a negative impact on care provid-
er morale. The development system offers advantages
to data collectors as well as users of those data at a cost
that is low now and will get even lower in the future.
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